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We report on an analysis of the decay J/ψ → γpi0η′ using a sample of (1310.6 ± 7.0) × 106 J/ψ
events collected with the BESIII detector. We search for the CP-violating process ηc → pi
0η′ and a
dark gauge boson U ′ in J/ψ → U ′η′, U ′ → γpi0, pi0 → γγ. No evidence of an ηc signal is observed
in the pi0η′ invariant-mass spectrum and the upper limit of the branching fraction is determined to
be 7.2× 10−5 at the 90% confidence level. We also find no evidence of U ′ production and set upper
limits at the 90% confidence level on the product branching fraction B(J/ψ → U ′η′)×B(U ′ → pi0γ)
in the range between (0.8 − 6.5) × 10−7 for 0.2 ≤ mU′ ≤ 2.1 GeV/c
2. In addition, we study
the process J/ψ → ωη′ with ω → γpi0. The branching fraction of J/ψ → ωη′ is found to be
(1.87±0.09±0.12)×10−4 , where the first uncertainty is statistical and the second is systematic, with
a precision that is improved by a factor of 1.4 over the previously published BESIII measurement.
I. INTRODUCTION
The Standard Model (SM) has been successful in ex-
plaining a wide variety of experimental data, howev-
er its predictive power is limited by the large num-
4ber of free parameters. The observation of physics be-
yond the SM is needed to explain phenomena the SM
cannot. Therefore, in recent years the search for new
physics beyond the SM is one of the important activi-
ties of particle physicists worldwide. The BESIII (Beijing
Electron Spectrometer) experiment is currently searching
for beyond-the-SM physics using low-energy e+e− colli-
sion data. This is complementary to experiments con-
ducted at the Large Hadron Collider (LHC) at CERN,
which use high-energy hadron collision data. Huge data
samples accumulated by the BESIII detector and tak-
en at center-of-mass energies corresponding to the mass-
es of various charmonium resonances (J/ψ, ψ(3686) and
ψ(3770)) offer a unique sensitivity to search for forbid-
den decays and dark matter particles in the low-energy
region [1].
Charge conjugation and parity symmetry (CP) viola-
tion has only been observed in weak interactions, which
in the SM, originates from a single complex phase in the
Cabibbo-Kobayashi-Maskawa (CKM) quark-mixing ma-
trix [2]. Therefore, searches for this phenomenon will
provide new insights and will help to determine whether
the phase in the CKM mixing matrix is the sole source
of CP violation or whether there are other sources. The
decay of an ηc (J
PC = 0−+) to two pseudoscalar mesons
is forbidden due to CP conservation. The observation of
these forbidden decays will be a clear indication of new
physics beyond the SM. Using a sample of 225 million
J/ψ events, BESIII report the results of the search for
ηc → π
+π− and ηc → π
0π0 and upper limits on the
branching fractions are presented at the 90% confidence
level (C.L.) [3]. In this paper, we present the first exper-
imental search for ηc → π
0η′.
Except for gravitational effects, we still know very lit-
tle about the constituents and interactions of dark mat-
ter. One possible model candidate for dark matter is
an additional gauge boson [4, 5]. If this additional bo-
son corresponds to an extra U(1) gauge symmetry, it is
referred to as a “dark photon”. A dark photon with a
mass in the range from MeV/c2 to GeV/c2 can be used
to explain the feature of recently observed astrophysical
anomalies [6] as well as a 3-4σ deviation in the muon
anomalous magnetic moment between the measurement
and the SM prediction [7]. This new gauge boson, re-
ferred to as U ′, has the same quantum number, JPC =
1−−, as the ω meson. In the past, BESIII has report-
ed on a search for the dark gauge photon (γ′) in the
initial-state radiation (ISR) reactions e+e− → γ′γISR →
l+l−γISR (l = µ, e) [8] and electromagnetic Dalitz de-
cays J/ψ → γ′η/η′ → e+e−η/η′ [9, 10]. The same ISR
method has been used by the BaBar experiment [11, 12].
The BELLE and KLOE collaboration report a search for
a dark vector gauge boson decaying to π+π−, where the
dark vector gauge boson mass spans a range from 290 to
520 MeV/c2 [13] and 527 to 987 MeV/c2 [14], respective-
ly.
In this paper, using a sample of 1.31 × 109 J/ψ events
collected with the BESIII detector, we present the first
study of J/ψ → γπ0η′, which allows us to search for the
CP-violating decay of ηc → π
0η′ and to search for a new
gauge boson [4] by investigating the γπ0-mass spectrum.
Additionally, we present the most accurate measurement
of the J/ψ → ωη′ branching fraction (current BESIII
measurement value is (2.08 ± 0.30 ± 0.14) × 10−4 [15]).
II. THE BESIII EXPERIMENT AND MONTE
CARLO SIMULATION
The BESIII detector is a cylindrical magnetic spec-
trometer [16] located at the Beijing Electron Positron
Collider (BEPCII) [17], with an acceptance of charged
particles and photons of 93% over 4π solid angle. The
BESIII detector consists of a helium-based multilayer
drift chamber (MDC), a plastic scintillator time-of-flight
system (TOF), and a CsI (Tl) electromagnetic calorime-
ter (EMC), which are all enclosed in a superconduct-
ing solenoidal magnet providing a 1.0 T (0.9 T in 2012)
magnetic field. The solenoid is supported by an octag-
onal flux-return yoke with resistive plate counter muon
identifier modules interleaved with steel. The charged-
particle momentum resolution at 1 GeV/c is 0.5%, and
the dE/dx resolution is 6% for the electrons from Bhabha
scattering. The EMC measures photon energies with a
resolution of 2.5% (5%) at 1 GeV in the barrel (end cap)
region. The time resolution of the TOF barrel part is
68 ps, while that of the end cap part is 110 ps.
Simulated samples produced with the geant4-
based [18] Monte Carlo (MC) package which includes the
geometric description [19, 20] of the BESIII detector and
the detector response, are used to determine the detec-
tion efficiency and to estimate the backgrounds. The
simulation includes the beam energy spread and ISR in
the e+e− annihilations generated using the kkmc pack-
age [21]. The inclusive MC sample consists of the produc-
tion of the J/ψ resonance, and the continuum processes
incorporated in kkmc [21]. The known decay modes are
generated using the evtgen package [22] using branching
fractions taken from the Particle Data Group (PDG) [23],
and the remaining unknown decays from the charmoni-
um states with the lundcharm package [24]. The final-
state radiations (FSR) from charged final-state particles
are incorporated with the photos package [25].
The three-body decay of J/ψ → γπ0η′ without any
intermediate states is simulated with a model based on a
phase-space distribution of the final-state particles. The
decays of J/ψ → γηc, U
′η′, γη′ and ωη′ are generat-
ed with an angular distribution of 1 + cos2 θγ , where θγ
is the angle of radiative photon relative to the positron
beam direction in the J/ψ-rest frame, while the subse-
quent ηc (η
′) decays are generated with a phase-space
model and the U ′ (ω) → γπ0 decay is modeled by a P -
wave [22].
5III. EVENT SELECTION
Candidates of J/ψ → γπ0η′, η′ → π+π−η, π0 →
γγ, η → γγ are required to have two oppositely-charged
tracks with a zero net charge and at least five photon can-
didates. All charged tracks must originate from the inter-
action point with a distance of closest approach less than
10 cm in the beam direction and less than 1 cm in the
transverse plane. Their polar angles, θ, with respect to
the beam direction are required to satisfy | cos θ| < 0.93.
Particle identification (PID) for charged pions is per-
formed by exploiting the TOF information and the specif-
ic ionization energy loss, dE/dx, measured by the MDC.
The TOF and dE/dx information are combined to form
PID probability for the pion, kaon, and proton hypothe-
ses; each track is assigned to the particle type that cor-
responds to the hypothesis with the highest probability.
Electromagnetic showers are reconstructed from clus-
ters of firing EMC crystals. The energy deposited in
nearby TOF counters is included to improve the recon-
struction efficiency and energy resolution. The showers
of the photon candidate must have a minimum energy of
25 MeV in the barrel region (| cos θ| < 0.80) and 50 MeV
in the end-cap region (0.86 < | cos θ| < 0.92). To sup-
press showers originating from charged particles, a pho-
ton candidate must be separated by at least 10◦ from the
nearest charged track. An EMC shower timing require-
ment, 0 ≤ t ≤ 700 ns, is applied to suppress noise and
energy deposits unrelated to the event.
After selecting the charged tracks and showers, a four-
constraint (4C) kinematic fit to the J/ψ → π+π−5γ hy-
pothesis is performed using energy-momentum conserva-
tion. For events with more than five photon candidates,
the combination with the smallest χ24C is retained. To
suppress background events with six photons in the final
states, the χ24C of the π
+π−5γ hypothesis is required to
be less than that for the π+π−6γ hypothesis.
To distinguish the photon from π0 and η decays, we
define the variable χ2π0η ≡ (
Mγγ−mpi0
σ
pi0
)2 + (
Mγγ−mη
ση
)2.
This variable is used to choose from the five photon can-
didates two pairs of photons with two-photon invariant
masses (Mγγ) closest to the nominal π
0 (mπ0) and η (mη)
masses. σπ0 (ση) refers to the experimental mass reso-
lution for a π0 (η) decay. The four-photon combination
with the smallest value for χ2π0η is chosen.
To improve the mass resolution and to further
suppress background events, we subsequently perform
a five-constraint kinematic (5C) fit imposing energy-
momentum conservation and a η-mass constraint under
the hypothesis of π+π−γγγη, where the η candidate is re-
constructed with the selected pair of photons as described
above. Events with a χ25C less than 30 are accepted for
further analysis.
To select π0 candidates, the invariant mass of the
two photons from π0 decay, Mγγ , must satisfy |Mγγ −
mπ0 | < 15 MeV/c
2. To suppress background events
with multi-π0 in the final states, we require that the
invariant mass of the radiative photon and one photon
from the η decay is outside the π0-mass region of [0.115,
0.155] GeV/c2. To select η′ candidates, we calculate for
each event the π+π−η invariant mass, Mπ+π−η, and re-
quire that |Mπ+π−η −mη′ | < 15 MeV/c
2, where mη′ is
the nominal η′ mass.
IV. SEARCH FOR ηc → pi
0η′
After applying the selection criteria, we obtain the π0η′
invariant-mass distribution as shown in Fig. 1. No evi-
dent ηc peak is seen. Using a MC sample of inclusive
1.2× 109 J/ψ decays, we found that the dominant back-
ground events are from decays with the η′ as an inter-
mediate state, such as J/ψ → γπ0η′, J/ψ → ωη′ and
J/ψ → γη′, and the corresponding contributions are dis-
played in Fig. 1(a) as well. Other background contri-
butions (non-η′ background) are estimated from events
for which the reconstructed η′ mass falls within the η′-
sideband regions (0.903 < Mπ+π−η < 0.933 GeV/c
2 and
0.983< Mπ+π−η < 1.013 GeV/c
2). The sum of the above
contributions gives a reasonable description of data.
The statistical significance of finding the ηc signal is
calculated to be 1.7σ using
√
−2ln(Lstat0 /L
stat
max), where
Lstatmax and L
stat
0 are the maximum-likelihood values with
the signal yield left free and fixed at zero, respectively.
Since no evident ηc signal is seen in Mπ0η′ , a Bayesian
method is used to obtain the upper limit of the signal
yield at the 90% C.L.. To determine the upper limit on
the ηc signal, a series of unbinned maximum-likelihood
fits are performed to the π0η′-mass spectrum with a vary-
ing number of expected ηc signals. From this, we obtain
the dependence of the likelihood on the number of signal
events from which we extract the upper limit. Figure 1(b)
depicts the result of one of these fits corresponding to
the case with a maximum likelihood and a signal yield of
Nsig = 13.2±8.2. In the fit, the probability density func-
tion (PDF) of the signal ηc response and the background
shape from the J/ψ → γη′ channel are extracted from
MC simulations. The absolute yield of this background
is fixed in the fit according to the published branching
fractions [23]. The other non-peaking background is de-
scribed by a first-order Chebychev polynomial which pa-
rameters are allowed to vary freely.
The systematic uncertainties that affect the upper lim-
its on the branching fraction of ηc → π
0η′ are considered
in two categories: additive and multiplicative. The addi-
tive systematic uncertainties on the fit range and back-
ground shapes are considered by varying the fit range and
changing the background shape. The maximum upper
limit among these cases is adopted and the corresponding
distribution is illustrated in Fig. 1(b). All of the system-
atic uncertainties, which are listed in Table I, excluding
the fit range and background shape, are considered as
the multiplicative systematic uncertainties. The effects
of multiplicative systematic uncertainties are introduced
in section RESULTS.
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V. SEARCH FOR DARK PHOTON IN U ′ → γpi0
DECAY
Using the same selection criteria as used to search for
ηc → π
0η′, we study the γπ0-mass (Mγπ0) distribution
as shown in Fig. 2. A clear ω peak from J/ψ → ωη′ de-
cays can be observed. There is also a small background
contribution from J/ψ → γη′ decays which is smooth-
ly distributed in the low-mass region of the Mγπ0 dis-
tribution. The contributions from non-η′ backgrounds
are described by events that are selected in the η′-
sideband regions, 0.903 < Mπ+π−η < 0.933 GeV/c
2 and
0.983 < Mπ+π−η < 1.013 GeV/c
2.
We search for the U ′ signal in step of 10 MeV/c2
in the Mγπ0 distribution ranging from 0.2 GeV/c
2 to
2.1 GeV/c2 and excluding the mass region around the ω
peak (0.75 to 0.82 GeV/c2). The mass resolution of a U ′
signal has been evaluated using signal MC events generat-
ed at 183 different U ′-mass (MU ′) hypotheses points with
a negligible width. Depending upon the U ′ mass, the res-
olutions vary in the range between 3.6 and 10.4 MeV/c2.
We perform a series of unbinned extended maximum-
likelihood fits to the Mγπ0 distribution to determine the
number of signal candidates as a function of MU ′ in the
interval of 0.2 ≤ MU ′ ≤ 2.1 GeV/c
2. In the fit, the U ′
signal and the tail of the ω signal are described by MC-
simulated shapes, and the remaining background contri-
bution is modeled with a linear Chebychev polynomi-
al. To take into account the additive systematic uncer-
tainties related to the fits, alternative fits with different
fit range and background shape also performed, and the
maximum upper limit among these cases has been select-
ed. The number of extracted signal events, the signifi-
cance, and the detection efficiency as a function of MU ′
are shown in Fig. 3. The largest local significance defined
as before is computed to be 2.4σ at MU ′ = 1.78 GeV/c
2.
No significant signal for U ′ → γπ0 is found.
VI. BRANCHING FRACTION MEASUREMENT
OF J/ψ → ωη′
Figure 4 shows the mass distribution of Mπ+π−η ver-
sus Mγπ0 . Events originating from the J/ψ → ωη
′
decay are clearly visible. To extract the number of
ωη′ events, an unbinned extended maximum-likelihood
fit using a two-dimensional (2-D) PDF including both
variables, Mπ+π−η and Mγπ0 , with the requirements of
0.6< Mγπ0 < 1.0 GeV/c
2 and 0.908< Mπ+π−η < 1.008
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FIG. 3. (a) The number of extracted signal events, (b) sta-
tistical signal significance, and (c) the detection efficiency as
a function of MU′ in the range of 0.2 ≤ MU′ ≤ 2.1 GeV/c
2.
The region of the ω resonance is indicated by the gray band
and excluded from the U ′ search.
GeV/c2. Assuming zero correlation between the two dis-
criminating variables Mγπ0 and Mπ+π−η, the composite
PDF in the 2-D fit is constructed as follows
F = Nsig × (F
ω
sig · F
η′
sig)
+Nnon−ωbkg × (F
η′
sig · F
non−ω
bkg )
+Nnon−η
′
bkg × (F
ω
sig · F
non−η′
bkg )
+Nnon−ωη
′
bkg × (F
non−ω
bkg · F
non−η′
bkg ),
where the signal shapes for the ω (Fωsig) and η
′ (F η
′
sig)
responses are modeled with a relativistic Breit-Wigner
(BW) function convoluted with a Gaussian function. The
widths and masses of the ω and η′ are fixed in the fit.
The parameters of the Gaussian function are free in the
fit. Nsig is the number of J/ψ → ωη
′, ω → γπ0, η′ →
π+π−η signal events. The backgrounds are divided in-
to three categories, namely non-ω peaking background,
non-η′ peaking background, and non-ωη′ background.
The parameters Nnon−ωbkg , N
non−η′
bkg , and N
non−ωη′
bkg are
the corresponding three background yields. The back-
ground shapes, F non−ωbkg and F
non−η′
bkg , related to Mγπ0
and Mπ+π−η, respectively, are described by first-order
Chebychev polynomials and all their corresponding pa-
rameters are free in the fit.
The best fit results to Nsig = 506 ± 25 signal events.
The projection plots of the fit on the Mγπ0 and Mπ+π−η
distributions are shown in Fig. 5 (a) and Fig. 5 (b), re-
spectively.
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VII. SYSTEMATIC UNCERTAINTY
The sources of systematic uncertainties and their corre-
sponding contributions to the measurements of the upper
limits and branching fraction are summarized in Table I.
Below, we briefly describe the procedure that has been
applied to obtain the various systematic uncertainties.
The uncertainty of the number of J/ψ events is deter-
mined to be 0.54% by an analysis of inclusive hadronic
events in J/ψ decays [26].
The uncertainty of the MDC tracking efficiency for
each charged pion is studied by analyzing a nearly-
background free sample of J/ψ → ρπ events. The differ-
ence between data and MC simulation is less than 1.0%
for each charged track [27] which value is taken as a sys-
tematic uncertainty. Similarly, the uncertainty related to
the PID efficiencies of pions is also studied with the da-
ta sample, J/ψ → ρπ, and the average difference of the
PID efficiencies between data and MC simulation is de-
termined to be 1.0% for each charged pion, which is then
taken as the corresponding systematic uncertainty. The
photon detection efficiency is studied with the control
sample J/ψ → π+π−π0 [28]. The difference in efficiency
between data and predicted by MC simulations is found
to be 0.5% per photon in the EMC barrel and 1.5% per
photon in the end-cap part of the EMC. In our case, the
uncertainty is on average 0.6% per photon which value
is obtained by weighting the uncertainties according to
the angular distribution of the five photons found in our
data sample. Thus, the uncertainty associated with the
five reconstructed photons is 3.0%.
The uncertainty associated with the 5C kinematic fits
comes from the inconsistency of the track helix parame-
ters between data and MC simulation. The helix param-
eters for the charged tracks of MC samples are corrected
to eliminate part of the inconsistency, as described in
Ref. [29]. We take half of the differences on the selec-
tion efficiencies with and without the correction as an
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FIG. 5. Projection plots of (a) Mγpi0 and (b) Mpi+pi−η distributions in the decay chain of J/ψ → ωη
′, ω → γpi0, η′ → pi+pi−η.
The dots with error bars correspond to data, the solid curve shows the result of the fit including both signal and background
distributions. The long-dashed curve corresponds to the contribution of the ωη′ signal, the dotted curve shows the contribution
of the non-η′ peaking background, the dot-dashed curve shows the contribution of the non-ω peaking background, and the
short-dashed curve represents the non-ωη′ background part.
estimate of the corresponding systematic uncertainties,
which results in 0.4%.
Due to the difference in the mass resolution between
data and MC, the uncertainty related to the η′ and π0
mass-window requirements are investigated by smearing
the MC simulation in accordance with the signal shape of
data. The difference of the detection efficiency before and
after smearing are assigned as the systematic uncertainty
for the η′ and π0 mass-window requirements and found
to be 0.2% and 1.1%, respectively.
The systematic uncertainty related to the finite statis-
tics used by the MC simulation to obtain the overall re-
construction efficiency is calculated as
√
ǫ(1−ǫ)
n
, where ǫ
is the detection efficiency and n is the number of gener-
ated MC events of the signal process. The corresponding
systematic uncertainty is determined to be 1.0%.
The systematic uncertainties related to the choice of
fit range and background shapes in the ηc → π
0η′ and
U ′ → γπ0 searches are already accounted for in the anal-
ysis procedure that is applied to obtain the maximum
upper limit of the signal yield. Here we, therefore, on-
ly consider these uncertainties for the J/ψ → ωη′ study.
To study the uncertainty from the fit range, the fit is re-
peated with different fit ranges, and the resultant largest
difference in the signal yield, 1.8%, is taken as the sys-
tematic uncertainty. The uncertainty associated with the
background shape in the fits to the Mγπ0 distribution
is estimated using alternative fits by changing the lin-
ear Chebychev polynomial to a second-order Chebychev
polynomial. The difference in signal yield (0.6%) is taken
as the systematic uncertainty.
The uncertainty associated with the 2-D fits of the
J/ψ → ωη′ channel is estimated by taking the mass and
width of the BW function as free parameters in the fit.
The change in signal yield (1.0%) is taken as the system-
atic uncertainty. The systematic uncertainty due to the
π0 veto is evaluated by varying the requirement on the
mass window, and the difference in yield compared to
TABLE I. The systematic uncertainties and their sources for
the (product) branching fractions of the two upper-limit stud-
ies (ηc and U
′) and of the J/ψ → ωη′ channel. All values are
in given in percentage.
Source ηc U
′ J/ψ → ωη′
Number of J/ψ events 0.54 0.54 0.54
MDC Tracking 2.0 2.0 2.0
Particle identification 2.0 2.0 2.0
Photon reconstruction 3.0 3.0 3.0
5C kinematic fit 0.4 0.4 0.4
η′ mass window 0.2 0.2 0.2
pi0 mass window 1.1 1.1 1.1
MC efficiency 1.0 1.0 1.0
Fit range − − 1.8
Background shape − − 0.6
2-D fit − − 1.0
pi0 veto 1.1 1.1 1.1
B(J/ψ → γηc) 23.5 − −
B(ω → γpi0) − − 3.4
B(η′ → pi+pi−η) 1.6 1.6 1.6
B(η → γγ) 0.5 0.5 0.5
B(pi0 → γγ) 0.03 0.03 0.03
Total 24.0 4.9 6.3
the nominal choice (1.1%) is assigned as the systematic
uncertainty.
The branching fractions of the intermediate processes
of J/ψ → γηc, ω → γπ
0, η′ → π+π−η, η → γγ and
π0 → γγ are taken from the PDG [23] and their errors
are considered as a source of systematic uncertainty.
For each case, the total systematic uncertainty is giv-
en by the quadratic sum of the individual contributions,
assuming all sources to be independent.
9’)η0pi→
c
ηB(
0 0.05 0.1 0.15
-310×
m
a
x
/L iL
0
0.2
0.4
0.6
0.8
1
FIG. 6. The distribution of the normalized likelihood scan for
J/ψ → γηc(ηc → pi
0η′) candidates. The blue and red curves
describe the smoothed likelihood curves before and after the
inclusion of the multiplicative systematic uncertainty. The
blue and red arrows show the upper limit on the signal yield
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VIII. RESULTS
We observe no evidence for ηc → π
0η′, nor for U ′ →
γπ0 decays. The upper limits of the branching fraction
of ηc → π
0η′ are estimated by a likelihood scan method,
which takes into account the multiplicative systematic
uncertainties as follows
L(B) =
∫ 1
−1
Lstat(B′)e
−
∆2
2σ2syst d∆.
Here, B′ = (1+∆)B, where ∆ is the relative deviation of
the estimated branching fraction from the nominal value,
and σsyst is the multiplicative systematic uncertainties
which are proportional to the assumed branching frac-
tion. The proportional constant is the total systematic
uncertainty given in Table I.
The branching fraction for a particular decay process
is computed as
B(X → Y ) =
Nsig
ǫ× B
,
whereNsig is the number of extracted signal yield, ǫ is the
signal selection efficiency, and B is the secondary branch-
ing fraction of the corresponding decay process.
The normalized likelihood distribution for J/ψ →
γηc(ηc → π
0η′) candidates is shown in Fig. 6. The upper
limit at the 90% C.L. of the signal yield (NUL) and de-
tection efficiency are determined to be 24.5 and 9.3% re-
spectively, resulting in a branching fraction B(ηc → π
0η′)
of less than 7.2× 10−5.
We compute the upper limit on the product branch-
ing fraction B(J/ψ → U ′η′) × B(U ′ → π0γ) at the 90%
C.L. as a function of MU ′ using a Bayesian method af-
ter incorporating the systematic uncertainty by smear-
ing the likelihood curve with a Gaussian function with
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branching fraction B(J/ψ → U ′η′) × B(U ′ → pi0γ). The re-
gion of the ω resonance indicated by the gray band is excluded
from the U ′ search.
a width of the systematic uncertainty. As shown in
Fig. 7, the combined limits on product branching frac-
tion B(J/ψ → U ′η′) × B(U ′ → π0γ) are established at
the level of (0.8−6.5)×10−7 for 0.2 ≤MU ′ ≤ 2.1 GeV/c
2.
With a detection efficiency of 14.9%, obtained from a
MC simulation, we obtain a branching fraction for the
J/ψ → ωη′ process of (1.87± 0.09± 0.12)× 10−4, where
the first uncertainty is statistical and the second system-
atic.
IX. SUMMARY
Using a sample of (1310.6± 7.0)× 106 J/ψ events col-
lected with the BESIII detector, the decay of J/ψ →
γη′π0 is studied. We search for the CP-violating de-
cay ηc → π
0η′ and a dark gauge boson U ′ in J/ψ →
U ′η′, U ′ → γπ0, π0 → γγ. No significant ηc signal is
observed in the π0η′ invariant-mass spectrum, and the
upper limit on the branching fraction is determined to
be 7.2× 10−5 at the 90% C.L.. Except for a clear ω peak
in the γπ0 mass spectrum, no significant excess is seen
for any mass hypothesis in the range of 0.2 ≤MU ′ ≤ 2.1
GeV/c2. The upper limits on the product branching frac-
tions are calculated to be (0.8 - 6.5)×10−7 at the 90%
C.L..
In addition, the branching fraction of J/ψ → ωη′ is
measured to be (1.87±0.09±0.12)× 10−4 , where the first
uncertainty is statistical and the second systematic. This
result is consistent with the previously published BESIII
measurement but with an improvement in accuracy by a
factor of 1.4.
ACKNOWLEDGMENTS
The BESIII collaboration thanks the staff of BEPCII
and the IHEP computing center for their strong sup-
10
port. This work is supported in part by National Key
Basic Research Program of China under Contract No.
2015CB856700; National Natural Science Foundation
of China (NSFC) under Contracts Nos. 11625523,
11635010, 11735014, 11822506, 11835012; the Chinese
Academy of Sciences (CAS) Large-Scale Scientific
Facility Program; Joint Large-Scale Scientific Facility
Funds of the NSFC and CAS under Contracts Nos.
U1532257, U1532258, U1732263, U1832207; CAS Key
Research Program of Frontier Sciences under Contracts
Nos. QYZDJ-SSW-SLH003, QYZDJ-SSW-SLH040; 100
Talents Program of CAS; INPAC and Shanghai Key
Laboratory for Particle Physics and Cosmology; ERC un-
der Contract No. 758462; German Research Foundation
DFG under Contracts Nos. Collaborative Research
Center CRC 1044, FOR 2359; Istituto Nazionale di Fisica
Nucleare, Italy; Koninklijke Nederlandse Akademie van
Wetenschappen (KNAW) under Contract No. 530-
4CDP03; Ministry of Development of Turkey under
Contract No. DPT2006K-120470; National Science
and Technology fund; STFC (United Kingdom); The
Knut and Alice Wallenberg Foundation (Sweden) under
Contract No. 2016.0157; The Royal Society, UK un-
der Contracts Nos. DH140054, DH160214; The Swedish
Research Council; U. S. Department of Energy under
Contracts Nos. DE-FG02-05ER41374, DE-SC-0010118,
DE-SC-0012069; University of Groningen (RuG) and
the Helmholtzzentrum fuer Schwerionenforschung GmbH
(GSI), Darmstadt.
[1] D. M. Asner et al. Int. J. Mod. Phys. A 24, S1 (2009).
[2] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49,
652 (1973).
[3] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D
84, 032006 (2011).
[4] P. Fayet, Phys. Lett. 96B, 83 (1980); P. Fayet and
M. Mezard, Phys. Lett. 104B, 226 (1981); P. Fayet, Nucl.
Phys. B 187, 184 (1981); A. E. Nelson and N. Tetradis,
Phys. Lett. B 221, 80 (1989); P. Fayet, Phys. Rev. D
74, 054034 (2006); P. Fayet, Phys. Rev. D 75, 115017
(2007); P. Fayet, Phys. Lett. B 675, 267 (2009); H. B. Li
and T. Luo, Phys. Lett. B 686, 249 (2010).
[5] S. Tulin, Phys. Rev. D 89, 114008 (2014).
[6] N. Arkani-Hamed, D. P. Finkbeiner, T. R. Slatyer, and
N. Weiner, Phys. Rev. D 79, 015014 (2009).
[7] M. Pospelov, Phys. Rev. D 80, 095002 (2009).
[8] M. Ablikim et al. [BESIII Collaboration], Phys. Lett. B
774, 252 (2017).
[9] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D
99, 012006 (2019).
[10] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D
99, 012013 (2019).
[11] J. P. Lees et al. [BaBar Collaboration], Phys. Rev. Lett.
113, 201801 (2014).
[12] J. P. Lees et al. [BaBar Collaboration], Phys. Rev. Lett.
119, 131804 (2017).
[13] E. Won et al. [Belle Collaboration], Phys. Rev. D 94,
092006 (2016).
[14] A. Anastasi et al. [KLOE-2 Collaboration], Phys. Lett.
B 757, 356 (2016).
[15] M. Ablikim et al. [BESIII Collabotation], Phys. Rev. D
96, 112012 (2017).
[16] M. Ablikim et al. [BESIII Collaboration], Nucl. Instrum.
Meth. A 614, 345 (2010).
[17] C. H. Yu et al., Proceedings of IPAC2016, Busan, Korea,
2016.
[18] S. Agostinelli et al. [GEANT4 Collaboration], Nucl.
Instrum. Meth. A 506, 250 (2003).
[19] Y. T. Liang et al., Nucl. Instrum. Meth. A 603, 325
(2009).
[20] B. Huang et al., Chin, Phys, C 32, 945 (2008).
[21] S. Jadach, B. F. L. Ward and Z. Was, Phys. Rev. D
63, 113009 (2001); Comput. Phys. Commun. 130, 260
(2000).
[22] D. J. Lange, Nucl. Instrum. Meth. A 462, 152 (2001);
R. G. Ping, Chin. Phys. C 32, 599 (2008).
[23] M. Tanabashi et al. [Particle Data Group], Phys. Rev. D
98, 030001 (2018).
[24] J. C. Chen, G. S. Huang, X. R. Qi, D. H. Zhang and
Y. S. Zhu, Phys. Rev. D 62, 034003 (2000); R. L. Yang,
R. G. Ping and H. Chen, Chin. Phys. Lett. 31, 061301
(2014).
[25] E. Richter-Was, Phys. Lett. B 303, 163 (1993).
[26] M. Ablikim et al. [BESIII Collabotation], Chin. Phys. C
41, 013001 (2017).
[27] M. Ablikim et al. [BESIII Collabotation], Phys. Rev.
Lett. 112, 251801 (2014).
[28] M. Ablikim et al. [BESIII Collabotation], Phys. Rev. D
92, 052003 (2015).
[29] M. Ablikim et al. [BESIII Collabotation], Phys. Rev. D
87, 012002 (2013).
